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ABSTRACT

In an exposure of the 30 inch hydrogen bubble chamber to
a 303 GeV/c proton beam, we have measured both V° events
and all tracks with momentum less than 1.4 GeV/c. From
these measurements, the properties and cross sections of
the inclusive pp + ¥X, xgx, and A%x reactions are studied.
In addition, single particle invariant cross sections for
pion and proton production are presented and the scaling

behavior of these reactions is discussed,
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INCLUSIVE STUDIES OF v, KZ, AND A PRODUCTION

. . ,0
{n the first part we report on the study of VvV~ events from an

exposure of 205 GeV/c and 303 GeV/c protons ia the 30-inch hvdrogen

bubble chamber at the National Accele¢rator Laboratory. TIreliminary

results at 205 CGeV/c have been published.l These V¥ events were
measured and processed through TVGP and SQUAW and fitted to the
following hypotheses: X° = w+r=, A® - pn~, .° = #*p, and

Y(p) ~ etem(p).

The data for Ko, AT, and 2° werc restricted to the bLackward
hemisphere in the pp center of mass as the detection efficiency in
the forward direction was extremely low. Table I summarizes the
V® sample at 303 GeV/c. The average weighting factors? are: 71.9
for v, 3.44 for KJ, 4.25 for A°, and 4.69 for i°. The final sanmple

o

was further corrected by a scanning efficiency of 0.93. The inclu-
sive cross sections measured are: o(y) . 253 & 24 mb, c(KO =

9.8 : 1.3 mb, o(A®) = 4.2 + 1.0 mb, and o(A°) = o.4fé:g
Assuming that all y's come from a° > 2y, we get a(v°) =

27 + 12)mb.

=
= !

e, a . I - b 1, 3 i Tal
rhe dependencies of these cros I dent Iabor-

+ 1 AT ~3
u-:'.\;u.) x]uZuu\.«u‘L-'umi c3ak are showi in Figs .1 (a. (b) 3 diu (L) . NoLe
that o(4") has increased thrzefold from 28 GeV/c to 303 GeV/c and

tr
)

L
-

remains much larger than c(A®) at 303 GeV/c. The K; cross secticn
has increased more than eight times from 28 GeV/c td 303 Gel/c.

However, the rapid rise in U(K;) may level off at cnergies beyond

303 GeV/¢ as indicated by the ISR data.5 The 7° cross sccticn in
Fig. 1l(c) is consistent with a logarithmic growth with incident

momentum and is equal to o(n_) or o(r ) if we assume all negatively
charged particles to be #~'s. This 1s in accord with muitiperi-

pheral models that predict N_o> = n > = <nw+>§ where <n,> is

the average number of particles of type x produced per inelastic
pp collision.

The topological cross sections, <n_e> and N

l AN

»> for inclusive
. o . . . 3 .
7% and KZ production at 303 GeV/c are listed in Fable II.

o are plotted as a function

In Fig. 2(a) and (b) < o> and <n
' 5
of charged multiplicity, T, Two possible dependencies are shown:

Mypo> = 0.31 assumes K¢ production is independent of topology;
'S . . . -
<n,o.> = 0.0 n 1is based on Oyol I being independent c¢i fopology.

= S

In particular, n_o> tends to rise linearly with n 2 18. 'The iat-
/
ter linear dependence is very different from the low energy pp data.
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The broken straight line in Fig, 2(b) is given by n .5 = 7

I{ we assuwme 211 the negative particles to be pions, the data
imply that the ncutral and charged pions are strongly zorrelated.
This behavior rules out models in which pions are independently
emitted but is in accord with fragmentation models and multi-
veripheral models in which p and w« type meson clusters are

emitted.8
A systematic study on the energy dependence of the correlation

i 9
in n_o versus n_ has been made recently. The data from

™ -

, 10, 11 =+ 12 - 13 . . .
PP, P, and m n"" collisions in laboratory beam momen-
tum ranging from 12 GeV/c to 1500 GeV/c were fitted to the linear
form,

<N A> = 0N+
70 - B

where o and 8 are energy dependent parameters. The purametcr o
would indicate the strength of the neutral and charged pion correla-
tion. Figure 3 shows the result of such lincar fits and Fig. 4
shows o as a function of E, which is the available eneregy in the

cm system, that is, the total energy (Vs) minus the number nf bar-

yon warses in the Initial staie. Present data indicuie {1
W - U oal luw CuTigled> aul appluaciies 1 al very Ligl euslyies aud
(2) the strength of correlation is relatixely independent of the
initial state particles. The solid curve is a prediction based
on Thomas' critical fluid model.'® This model also predicts at

high energy

(oy/o )"
where Gy is the strength of correlation between kaons and pions.
The data given in Fig. 2{a) may show such a trend.

The invariant single particle distributions for ¥'s in
Feynman variable x and transverse momentum p.2 are shown in
Figs. 5(a} and (b). Note that scaling holds at 205 and 303 GeV/c.

A prominent forward peak is noted at both energies for p.¢ <

0.02 (GeV/c)2. In Fig, 6(a) and (b) < pp> is plotted as a function
of x. The weighting introduced hy the gammq energy EY' does not
change appreciubly the presence of a strong correlation for small
values of x, indicating that the invariant single varticle distri-
buticn cannot be fuctorized inte a product invoiving x and PT2

In Figs. 7{a) and (b}, we show the invariant siangle particle
distribution for the inclusive X§ and A® reactions. Results at
303 GeV/c combined with the 203 (eV/c data yive evidence that the
inclusive K and A° reactions have rcached their scaling limits
from below, with 4° approaching the limit at a much faster rute

than !(; .

N
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Figures 8§(a} ana (b) show do/dy versus the rapidity variable
y for the K. and v rveactions at 303 Gel/c. There is evidence
for a plateag with widths of two units in y for the K2 sud
low multiplicity vy events; do/dy somms to peak at v = 0 for
high multiplicity y events. The average longitudinal momentum
in the center of mass = 2,90 % 0.56, 1.11 £ 0,17, and 1.88
+ 0.12 GeV/c for £°, X% and 7°, respectively.l® Thus, necutral
pions and kaons uare proauced more frequently in the central region
than A°'s.

+
SCALING IN SINGLE PARTICLE w~ AND PROTON DISTRIBUTICHS

In this second section we present results of single particle ot
and proton invariant cross section distributions. These distri-
butions are compared with existing data at higher CM energy from
the CERN-ISR and at lower C} energy from the CERN-PS and che BNL-
AGS.

As described in our earlier paper on A"¥ (1236) production,17
particles which travel backward in the pp center-of-mass have com-
paratively low momenta in the laboratory and can be measured with
copventionali il measuring machines and analysis techniguces.

SUlh wlasurtmwents ave Lceu pgrlormed On a1l TYacKs W1Th 1aboratory
momenta P b < 1.4 GeV/c. Since protons with this momentum have
1.4 x minimum ionization, pions and protons are distinguished with
good reliability by their ionization. From the number of observed
events involving K¢ emission as well as direct ionization infor-
mation, we Cstimate that the amount of K* contamination in the n-
proton sample 1s n2-3%, which we ignore for the purposes of the
present paper.

Of the 1750 events in the fiducial volume used for the present
investigation, 806 events were found which have a single proton

with P ap S 1.4 GeV/c., To illustrate the kinematically accepted
region and the overall qualitative properties of the data, the CM
distribution of these protons in the variables x = 2P /s  and

the transverse momentum P2 is shown in Fig. 9(a). The cutoff seen
on the right-hand side of the distribution is due to the selection

of P . < 1.4 GeV/e,

Similar distributions for all =" and = tracks are shown in
Figs.9(b,c), respectively. The kinematic cutoff at low X corres-
ponding to Plab = 1.4 GeV/c is agzin seen in both plots. The

remarkably different properties of pion and proteon distributions
are also apparent.

Betore discussing the detailed properties of these distyibu-
tions, we note thut these data complement existing ISR data since
first round inclusive ISR experimenis have not explered the small-
est angular region possible. This is illustrated by Fig. 10
(reprcduced from the talk by J. C. Cens ot the 1872 Gxford Confer-
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ence). Lines for picns and protons with P, . = 1.4 GeV/c are super-
imposed, Cur data explore the regions to ihe right of these curves
and no further acceptailce corrections are necessary.

In Tigure 11, we demonstrate how the bubble chamber data com-
plement the ISR data with a comparisen between inclusive proton
spectra of the CERN-Holland-Lancaster-Manchester 18 collaboration
at ¥s = 23.6, 30.8, and 44.6 GeV, respectively. The overall
normalization agreement between the two sets of data is quite good
as seen in the region of overlap. The bubble chamber data extends
tc lower values to P, than the ISR data. Although the ISR data
points in tnemselves represent a rather impressive test of scaling
over the Py and energy ranges they represent, they cutoff at

P, = 0.5 GeV/c and thus our data at smaller P values can only be

compared with the lower energy data from BNL and CERN. 19

Figures 12 (a-e) contain more detailed comparisons between
the Pé—dependeneies of Ed3o/dp3 for protons at several different
values of x. Fhe essential point of these plots is to illustrate

the lack of e apt behavior over the entire range of P2 The

e
straight lines are those fit by Albrow et al.zo to their awn dats

ond oro InVosiably s 10weLl bhanl Llle silgll P% adta. W1TH The
exception of the lowest x value of 0.45, we observe that the

300 GeV data peoints are in good agreement with the 24 GeV/c data
of Allaby et al. 19 for P‘ £ 0.5 (GeV/c) The relationship is
more clearly displayed in Flg. 13 which compares the x-dependence
of the 1nvar1ant cross section Ed3a/dp3 at a mean value of P2 =
0.04 (GeV/c) with the Allaby et al. data. Wwhile the low and high
energy data are in reasonably good agreement, they suggest that
scaling is apprcached from above (i.e. lower momenta data are
larger). '

In contrast to the proton data, our pion data more nearly
covers the same x-Pt range as existing 1SR data and thus does not

add anything essentially new to the scaling comparisons made be- .
tween ISR and lower cnergy data. However, as illustrated in Fig.
10 , there is not a complete overlap; furthermore, most ISR data
used for scaling comparisons are not at the lowest end of the
energy range. Thus, our 320 GeV data (s = 23.9 seV) are of
some interest.

Figures 14 and 15 display the x-dependence of the invariant

X - . \ ) .
cross section for % and 77, respectively, a3t Pf = 0.04 and
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0.16 (GeV/c}™, In each case, scaling is seen to break down at

3
small x for P? = 0.04 (GeV/c)”. Figures 16a and 16b display the
dependeuces on Pi at X = 0.21 for v and »~, respectively.

Generally good agreement is observed, although there seem to be
differcnces among the lowest energy data themselves.
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TABLE I
pp — VX at 303 GeV/c
- .
pp —_ KSO [{) A Y TTO - -)-‘T
No. of
Events 50 20 2(Unique) 119 -~
Average
Weighting 3.44 4.25 4.69 71.9 -~
o (mb) 9,81%1.36 4.22+0,98 >0,42 253,4223,5 126.7
<n>/pp 0.31%0.04 0,13+0.03 20,01 7.90%90.75 3,95
<pp>  0.47%0.04 0.43%0.04  (0.40) 0.17£0.01 ~0.38
(GeV/c) '
<p, > 1.11 20,17 2.80x0,5R (0, 31 0.44 + 0. 08 0,88
L B
b o 3 4 H
See Ref, 15 for relations between 7 and derivea y's.
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TARLE II
Cross Sections 1ar pp — n°X and KE? X
at 303 GeV/c
=N -
Particles in mb in mb 3
2 1.7 1.2 1.0 £ 0.7 0.2 £ 0,2 6.1 0.1
4 11.8 £ 3.1 2.4 + 0.7 0.8 £ 0.4 0.2 £ 0.1
6 19.4 £ 4,1 3.4 £ 0.8 2.9+ 0.7 0.5+ 0.1
8 16,0 + 3.7 3.0 = 0.7 1.4 £ 0.5 0.3 £ 0.1
10 22.8 = 4.4 4.8 £ 1.0 1.6 £ 0.5 0.4+ 0.1
12 20.3 = 4.1 4.8 = 1.4 1.3 £ 0,4 0,3 % 0.1
14 15.7 % 2.5 7.2 = 1.5 0.6 = 0.2 0.3 0.1
16 9.3 = 2.8 6.7 £ 2,2 0.8 £ 0.4 0.6 = 0.3
18 .2 2.0 4.3 &+ 3,2 -—- -
20 1.6 = 1.1 3.3 = 2.4 0.2 = 0.2 0.3 = 0.3
22 --- --- B ~--
24 --- --- --- ---
26 0.9+ 0.9 17.0 £ 17.0 --- -

TOTAL 127.0 % 12.0 3.94 £ 0.39 9.8=*1,3 0.31 = 0.04

“Calculated from crn{pp ~n° X)= (rn(pp - v X)}/2.
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Fig. 2. (a) Average number of Kg and (b)

average number of 7 's produced per inelastic
pp collision versus charge multiplicity.
The curves are described in the text.
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Fig. 10, PT - x regions for 13R and NAL
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Fig. 11. Pt distributien for protons at a

mean x = 0.8 (0.7 te 6.2). Data 1s coinpared
to that of the CERN-Holland-Lancaster-Man-
chester collaboratica (Albrow ¢t al.),
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Fig. 13. X distribution for protons at Pi =

0.04 (0.02-0.06) (GeV/c)Z.
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